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SUMMARY 

The results of local-instability tests of H-s9ction plate assemblies 
and compressive stress-strain tests of extruded 75S-T6 aluminum alloy, 
obtained to determine flat-plate compressive strengths under stabilized 
elevated-temperature conditions, are given for temperatures up to 6000 Fo 
The results show that methods available for calculating the critical 
compressive stress at room temperature can also be used at elevated 
temperatures if the applicable compressive stress-strain curve for the 
material is given. 

rnTRODUJTION 

The strength of aircraft materials and structures at elevated 
temperatures is a question of increaSing interest because of the trend 
toward high aircraft speeds at which aerodynamic heating (see reference 1) 
llD.l.st be considered. At the present ti1lle, however, almost no information 
is available on the effects of elevated temperatures on the compressive 
strength of aircraft structural elements, such as columns or plates , or 
on the compressive properties of materials. 

The results of a recent experimental investigation to determine 
the plate compressive strength of various aircraft structural materials 
at room temperature (see sUIlIIIl.8ry paper, reference 2) showed that the 
secant modulus, obtained from the compressive stress-strain curve for the 
material, could be used to calculate appro:x::1mately the critical compressive 
stress of a plate. A more recent theoretical approach (reference 3) 
corroborated these results and provided a basis for a more accurate 
calculation of plate buckling by taJdng into account plate-edge conditions. 

In order to ascertain whether methods, adequate at room temperature 
for deterro1n1ng plate compressive strengths, could be used at elevated 
temperatures, l.ocal-instability tests were made of . extruded H-sections 
of 75S-T6 aluminum. alloy at stabilized temperatures up to 6000 F. This 
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paper presents the results of these tests and shows that the critical 
compressive stress at elevated temperatures may be determined from the 
applicable compressive stress-strain curve for the material. 

Mm'Hore OF TESTING AND ANALySIS 

Test specimens were made from three special H-section extrusions 
of 75S- T6 aluminum alloy having the cross section illustrated in figure 4 
of reference 2. All tests were made in hydraul1c-tY})e testing machines 
accurate within three-fourths of 1 percent. 

Compressive stress-strain tests.- The small furnace used in making 
the compressive stress-strain tests at elevated temperatures is shown in 
figure 1 together with the compression fixture and differential-transformer 
extensometer. The fixture utilized grooved plates for supporting a 
single-thickness specimen 2.52 inches long and 1.00 inch wide. General 
principles and techni~ue described in reference 4 were followed in regard 
to the design and operation of the fixture. An essential modification 
was a provision for mounting individual thermocouples at top, middle, 
and bottom positions on one of the side faces of the specimen. 

The stress-strain tests were made under stabilized elevated­
temperature conditions. Exposure times tended to vary at the beginning 
o~ the investigation from about 30 to 60 minutes because of the difficulty 
experienced at the higher temperatures in obtaining stabilized temperature 
conditions for short time exposureso After installation of ram heaters, 
satisfactory stabilized temperature conditions could readily be achieved 
in 40 minutes. Arbi trary strain rates of 0 .002 and. 0 .004 per minute were 
used. In order to eliminate as much' as possible the effects of lateral 
pressure from the supporting plates on the specimen, the support pressure 
was kept at a minimum (see reference 4 for the techni~ue in using 
compression fixtures). The result s of a few tests at 400 0 F in which the 
pressure was arbitrarily increased did not indicate any appreciable 
effects on either the compressive yield stress or the modulus of 
elasticity. 

A special extensometer (see fig. 1) was required for measuring the 
strain over a l-inch gage length on the specimen. A rod and tube assembly 
carried the relative movement of two sets of gage points below the 
furnace to two differential transformers, one of which can be seen in 
figure 1. Both load and strain were recorded autographically. 

Voltage control of three horizontal banks of strip heaters in the 
furnace, and of both t he top and bottom ram heaters, result ed in satis­
factory t emperature control. The ma:rimum variation of temperature along 
the length of the specimen could be readily kept wi t hin 10 F or 2 0 F. A 
controller, operated from a thermocouple on the fixture, was used for 
temperature control. Specimen, air, fixture, and ram temperatures vere 
recorded. 
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Local-instability tests.- The plate compressive strength was determined 
from tests of extruded H-section plate assemblies so proportioned that the 
plate elements failed by local instability. The method of testing wa.s 
similar to that described in reference 2 except for modifications necessary 
for tests at elevated temperatures. 

The three-section furnace, designed to accommodate various lengths of 
specimens, is shown in figure 2, together with the temperature control and 
recording equipment. The large furnace section had three horizontal banks 
of strip heaters and each amall unit had one bank:. Proper temperature 
distribution was obtained through voltage control in each bank or set of 
banks of strip heaters as desired, as well as by individual control of the 
top and bottom ram heaters. 

In order to detect buckling, the lateral displacement of the flange of 
the H-section was transferred to a differential-transformer gage below the 
furnace by means of a rigid-lever system (see fig. 3). Both the load and 
lateral displacement were recorded autographically. The local-instability 
tests were made under stabilized temperature conditions comparable to those 
used in making the compressive stress-strain tests and were made at the 
same strain rates of 0.002 and 0.004 per minute and an exposure time 
averaging about 40 minutes. 

Analysis of the compressive properties.- Inasmuch a.s the compressive 
yield stress for extruded H-sectiona of 75S-T6 aluminum alloy tends to vary 
over the cross section (see fig. 3 of reference 2), a representative stress­
strain curve applicable to the entire cross section is needed for corre­
lation with the local-instability test results. The method used herein 
for obtaining a representative stress-strain curve for each extrusion is 
based on the assumption that values of the compressive yield stress cr cy 
for the flange and web material apply to the entire width of these respec­
tive elements and that a representative value for the cross section can be 
had by calculating an average from the values of cr cy for the flange and 
web weighted by taking into acc01mt the areas of these elements. A 
representative stress-strain curve having this calculated value of cr cy 
was then constructed from the available stress-strain curves for the 
extrusion. Average stress-strain curves for each temperature and strain 
rate were then determined from the representative curves for the three 
extrusions • 

Analysis of local-instability tests.- At room temperature, the 
critical compressive stress crcr for H-section plate assemblies may be 

calculated from the modified plate-buckling equation 

= _ \r~T}Et~l 
12( 1 - ~2 )bw2 (1) 
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In e,!uation (1), kw is a nondimensional coefficient dependent upon plate 

proportions and edge conditions to be us'3d with tw and bw the thickness 
and width of the web of the H-section (values of kw are given in 

reference 5, and the method of dimensioning is shown in fig. 4 of 
reference 2), ~ is Poisson I s ratio, E is Young I s modulus, and Tl is 
a coefficient which is a measure of the reduced plate modulus T}E 0 (For 
stresses in the elastic range, Tl = 1; whereas, above the elastic 
range, Tl < 1.) 

As in reference 2, the local-instability test results are herein 
correlated with the compressive stress-strain curve by plotting the 
experimental values of Cicr against the calculated elastic criticaJ.. 

compressive strain fer given by 

(2) 

E'!uation (2) is derived from e,!uation (1) by setting Tl = 1 and dividing 
both sides by E. 

In the course of this investigation a consistent lack of correlation 
was found at elevated temperatures in the elastic range when ~ was 
taken as 0.33 , the room-temperature value for 75S-T6 aluminum alloy. 
When ~ was arbitrarily increased with increasing temperatures, however, 
a satisfactory correlation was obtained in the elastic range. The assumed 
values of ~,referred to again in a following section, were then used 
in e,!uation (2). This procedure was necessary because no direct evaluation 
of the variation of ~ with temperature was available. 

RESULTS 

The test results are summarized in table 1 and figures 4 to' 9. 

Compressive stress-strain tests.- Average compressive stress-strain 
curves, together with upper-limit, and lower-limit represent~tive . curves 

for the three 75S-T6 aluminum-alloy H-section extrusions, are shown in 
figure 4 for strain rates of 0.002 and 0.004 per minute and at room 
temperature (RT), 2000 F, 400 0 F, and toOO F. From these average curves, 
the variation of the secant modulus Esec and tangent modulus Etan with 

stress and temperature is shown in figure 5 for convenience in analyzing 
plasticity effects. 

The ratio of the yield stress at a given temperature to that at room 
temperature for both compressive yield stress cr and tensile yield cy 
stress cr ty is plotted against temperature in figure 6. Data for City 
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were taken from reference 6. The fact that the ratio for acy varies with 

temperature in about the same manner as that for crty suggests that values 
of acy at elevated temperatures may possibly be estimated from the more 

frequently available data for aty at elevated temperatures. 

The variations of Young's modulus E ' and Poisson's ratio ~ with 
temperature are shown in figure 7. Values of 1.1 shown were obtained 
indirectly as mentioned previously 8Jld, while they appear reasonable, 
should be regarded only as approximate. For comparative purposes, the 
variation of E with temperature obtained from tensile tests of a number 
of cast alum:1num alloys (reference 7) is also shown in figure 7. Here the 
lack of agreement between the results in tension and compression is marked. 
Differences between such results for cast and extruded aluminum alloys, 
however, are probably to be expected . 

In order to show the effect of different time exposures at a given 
temperature, a fe ... tests were made for exposure times r8Jlging from 1/2 hour 
to 2 hours at 4000 F (see fig. 8). For the average exposure time for all 
the tests (40 min), a fairly rapid change of crcy is indicated at 4000 F. 

At other temperatures, however, the effect of variation in exposure time 
is probably somewhat less (see fig. 5-13 of reference 6). 

Local-instability tests.- The correlation of the critical compressive 
stress a cr (when plotted against the calculated elastIc crItical 

compressive strain Ei cr' equation (2» ... ith the average compressive stress­

strain curves is shown in figure 4 for 200 0 F, 4000 F, 8Jld toOO F. At 
elevated temperatures, good agreement is indicated for crcr in the elastic 

range, but in the plastic range crcr tends to fall slightly below the 

stress-strain curves as was the case at room temperatures for 
75S-T6 alum:1num alloy as well as other materials (see fig. 5 of reference 2). 
The effective modulus T)E is therefore only slightly less than the sec8Jlt 
modulus which would apply if the data would plot exactly along the stress­
strain curve. 

The same relationship exists between a cr' the average stress at 

maximum load. ° max , and the compressive yield stress 

temperatures as existed at room temperature (see fig. 

at elevated 

For stresses 
3 greater than about 4 crcy ' values 

than crcr ; but for stresses less 

of amax are only Slightly greater 

than about t acy ' crmax becomes 

appreciably greater than crcr as acr is reduced. 
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For a given value of Ecr ' crcr and crmax are somewhat greater for 

the higher strain rate (0.004 per min) than for the lower (0.002 per min), 
although the effect of the variation in strain rate was not appreciable for 
these low strain rates except perhaps at 400 0 F (see figs. 4 and 9). The 
increase in crcr with strain rates corresponds approximately to the 
increase in stress obtained for the corresponding compressive stress-strain 
curves (see fig. 4). 

CONCLUSIONS 

The results of the local-instability tests of extruded H-sections 
of 75S-T6 aluminum alloy warrant the following conclusions regarding 
the determination of compressive strengths of flat plates or plate 
assemblies of various materials at elevated temperatures: 

1. The critical compressive stress crcr for H-section plate 

assemblies of extruded 758-T6 aluminum alloy may be determined approxi­
mately at elevated temperatures as well as at room temperature by the use 
of the compressive stress-strain curve for the material for the desired 
temperature, strain rate, and exposure time. At elevated t emperatures, 
the secant-modulus method is slightly unconservative in the plastic 
region as was found to be the case at room temperature for this material. 

2. Approximately the same relationship exists between crcr ' the average 

s t ress at maximum load 0max' and the compressive yield stress cr cy at 
elevated temperatures as at room temperature for H-section plate assemblies. 

For stresses above t crcy ' 0max is only slightly greater than crcr ; 
3 -whereas, below 4 crcy ' crmax may be appreciably greater than crcr' 

3. In view of the consistent general relationship previously found 
at room temperature between the H-section plate-assembly test results 
for the critical compressive stress crcr and the compressive stress-

strain curve for a number of materials, and the fact that this relation­
ship now appears to be valid at elevated as well as at room temperatures, 
i t is reasonable to expect that cr may be approximately determined cr 
at elevated temperatures for individual plates and various plate assemblies 
by methods which are satisfactory at room temperatures, provided that 
the compressive stress-strain curve for the material at the desired 
temperature ~ str~in rate~ and exposure time is given. 

Langl ey Aeronautical Laboratory 
Nat ional Advisory Commit t ee for Aeronaut ics 

Langl ey Air Force Base ~ Va . ~ December 6 ~ 1948 
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TABLE 1 

LOCAL-INSl'ABILITY TEsr· RESULTS FOR EXTRUDED 75S-T6 ALUMINUM-AU.OY H-SECTIONS 

Tsmperature , 
Co11lll11l T 

( ~ ) 

1 201 
2 205 
3 200 
4 202 
5 200 
6 201 
7 200 
8 198 

9 400 
10 400 
11 407 
12 405 
13 400 
14 399 
15 404 
16 405 

17 611 
18 to4 
19 595 
20 too 
21 599 
22 too 
23 to3 
24 599 
25 to4 
26 602 
27 too 
28 597 

k\fn:2tw2 
a €cr = ----"-::-

12(1 - fl2 )¥ 

b Represen tativs valus 

, 
St rain Exposure 

r ate t ime 
(per min) (min ) 

0 .002 33 
.004 40 
.002 40 
.004 37 
.002 40 
.004 33 
.002 35 
.004 35 

.002 45 

.004 40 
·002 60 
.004 35 
.002 50 
.004 40 

• • 002 35 
.004 34 

.002 72 

.004 to 

.002 52 

.004 54 

.002 60 

.004 58 

.002 55 

.004 54 

.002 to 

.004 to 

.002 50 

.004 54 

Poisson ' s 
ratio € cr CJcr amax 

CJcr / crmax fl 
( a ) ( ksi ) ( ksi) (assumed) 

0 ·33 0 .00213 21,410 44,250 0 .484 
·33 .00213 21 , 600 44 ,eoo .481 
·33 .00364 36,650 50 ,000 ·734 
·33 .00361 37,250 50 ,200 ·742 
·33 .00617 to,200 61,200 ·983 
·33 .00610 60,400 61 ,400 ·983 
·33 .00975 71,400 72,300 ·987 
·33 .00969 71,900 72 ,900 ·987 

.40 .00226 18, 500 25 ,700 ·720 

.40 .00226 18,700 27 , toO .678 

.40 .00386 30,700 31,700 ·969 

.40 .00385 31,100 33 , 300 ·935 

.40 .00652 39,900 40 ,800 ·978 

.40 .00652 41 ,700 42,200 ·988 

.40 .00817 40 ,250 41,100 ·978 

.40 .001Q0 42,900 43 , 300 ·990 

.47 .00237 5,3to 5,450 ·983 

.47 .00237 6,lto 6,270 ·91Q 

.47 .00391 6,390 6,4tb ·985 

.47 .00405 6, IQ0 6,9to ·9eo 

.47 .00407 6,5tb 6,670 ·986 

.47 .00408 6,940 7,340 .946 

.47 .00417 6 ,240 6 , 390 ·977 

.47 .00415 7 ,210 7,220 ·998 

.47 .00701 6,6eo 6,8tb ·972 

.47 .00704 7 , 310 '7 ,5eo ·955 

.47 .00710 6,7to 6 ,920 ·977 

.47 .00710 7,470 7 , 620 ·91Q 

CJcy 
(ksi ) 
(b) 

73,000 
73,eoo 
71 , 300 
70,toO 
74 ,200 
74,200 
74 ,200 
74 ,200 

41,900 
43.,300 
39,900 
43 , tbO 
43,000 
43,100 
43,000 
43,100 

6 , 650 
7,Oeo 
6,750 
7 , 370 
6,750 
7 , 370 
6,750 
7 , 370 
6, 430 
7,Oeo 
6,430 
7 ,oBo 

CJcr / CJcy 

0 .294 
.292 
·514 
·527 
. 812 
.814 
·9Ce 
·968 

.442 

.432 
·770 
·710 
·928 
·966 
·935 
·994 

.eo6 
·872 
·945 
·925 
·975 
·940 
·924 
·978 

1 .040 
1 .032 
1 .051 
1.055 

co 

~ 
:x> 
1-3 
!:2l 

~ 
f-' 

8? 
0\ 
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Fi gure 1.- Equipment for compressive stress-strain tests at 
elevated temperatures. 
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Figure 2. - Equipment for plate-buckling tests at elevated temperatures. 
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Figure 3·- Plate-buckling detecti9n equipment. 

~ :x:. 

~ 
~ . 
I-' 
§' 
0'\ 

I-' 
LA) 

--~--~~~----------~- -~~--~~~----------------~~------~----------------------.-------





90 
Room temperat~e 

80 Upper 
Average 

70 Lower 

60 

50 
Stress, 

400° F -==--==--
~ 

ksi 40 

30 

20 

10 600°F _ 

o 
~004~ Strain ~ 

Figure 4 .- Co r r elation of plate compressive buck ling test re su Its with avera ge c ompre ss ive 
stress-strain curves for extruded 75 S-T6 aluminum-alloy H-sections at elevated 
temperatures. (For plate tests ,critical compressive stress is plotted against calculated 
elastic critical compressive strain.) 
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Figure 5.-Variation of the secant and tangent moduli with st re ss cr 
for the average stress-strain curves of figure 4 for 
elevated temperature s. 
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Figure 6 .- Variation of the compressive yield stress OC y 
and tensile yield stress otywith temperature T 
for extruded 75 S-T6 aluminum alloy. 
(RT, Room temperature) 
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Figure 7 .-Variation of Young's modulus E and Po isson's 

ratio f.L with temperature for extruded 75S-T6 
aluminum alloy. (RT, Room temperature) 
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Figure 8 ,-Effect of variation of exposure time at 400 of 
on the compressive yield stress CJCy for 
extruded 75S-T6 aluminum alloy. 
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Figure9.-Experimental relation between the critical compressive 
stress OCr , the average stress at maximum load 'Tn,ax' 
and the compressive yield stress OCy for extruded 
75S-T6 aluminum-alloy H-sections at elevate d 
temperatures. 
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